It is frequently presumed that lovers of Classical music are not present in social media. In this paper, we investigate whether this statement can be empirically verified. To this end, we compare two social media platforms -Last.fm and Twitter -and perform a study on musical preference of their respective users. We investigate two research hypotheses: (i) Classical music fan are more reluctant to use social media to indicate their listing habits than listeners of other genres and (ii) there are correlations between the use of Last.fm and Twitter to indicate music listening behavior. Both hypotheses are verified and substantial differences could be made out for Twitter users. The results of these investigations will help improve music recommendation systems for listeners with non-mainstream music taste.
MOTIVATION
It has frequently been argued that listeners of Classical music are reluctant to use social media.
1 However, to the best of our knowledge, no scientific analysis has been carried out yet to verify this claim.
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Aiming to shed light on the activity of Classical music listeners on social media, in this paper we look into two research questions: (i) are lovers of Classical music more reluctant to use social media for talking about their listing habits than lovers of other music genres and (ii) are there correlations between usage of Last.fm and Twitter as data sources to indicate music listening behavior. These questions will be answered by comparative quantitative experiments.
RELATED WORK
Studies analyzing personal traits or behavior of listeners of a particular music genre are rare. The existing work can be categorized into qualitative and quantitative investigations.
A qualitative study on the influence of music of a particular genre on human life can be found in [1] , where an online Black Metal community is investigated. In addition to identifying the main subject matters in a Black Metal discussion forum, Ardet also found that about 70% of the community members were aged between 14 and 17. Woelfer and Lee analyze the importance of music for the life of homeless young people [10] . Surveying 100 Canadians, they found that homeless youngsters prefer Hip Hop, Rock, R&B, Techno, and Metal over other genres.
Quantitative analyses of listening events posted on social media are carried out by Schedl and Hauger in [8] . They look into geolocated musical tweets and aggregate them according to country and city. The authors then investigate particularities of music genre taste in different locations. In a subsequent work, Schedl categorizes music listening events posted on Twitter by mood tags, computes the global distribution of these mood tags, and investigates deviations from this global distribution on the country level [7] .
Mining and analyzing musical preference and other personal characteristics is becoming more and more important to elaborate user-centric music retrieval systems [5] . Musical information gathered from social media, in particular from microblogs and online music platforms, can be used to build or enrich music recommender systems, as demonstrated in [11] and [2] , among others. Zangerle at al. build a music recommender based on co-occurrences of music tracks in tweets [11] . Cheng and Shen mine streams of microblogs from Twitter to investigate the dynamics of popularity trends in music [2] . They combine this information with audio content and listening histories to create a unified music recommendation model. However, as noted by Tkalčič et al. [9] , personalized Classical music retrieval and recommendation is a challenge because of the apparent sparsity of data. In fact, in the paper at hand we examine the extent of this lack of information, which may impact the ability to design and implement personalized Classical music retrieval systems as opposed to the large amount of data for other, more mainstream genres.
DATASETS
The experiments were carried out on two datasets of listening events posted on two different social media platforms: Last.fm and Twitter.
Last.fm Dataset
As large volume data source of music listening events we exploit Last.fm. Data acquisition has been carried out by first selecting the 15 most general genres from Allmusic.com's major genres. We then obtain the 1,000 most popular artists for each of the genre tags via the Last.fm API 3 , which is the maximum number the Last.fm API provides. For each of the resulting 15,000 artists, we gather the play count and listener count figures. Play count of an artist refers to the total number of listening events over all Last.fm users, whereas listener count refers to the number of users who listened to the artist at least once. Please note that the used Tag.getTopArtists method of the Last.fm API does not distinguish between performers, composers, and songwriters; all of these are treated as artists. The Last.fm data has been gathered on 2014-04-13.
Million Musical Tweets Dataset
The Million Musical Tweets Dataset 4 (MMTD) is a publicly available dataset of music listening events inferred from microblogs [4] . It was gathered by analyzing tweets containing music-related hashtags, such as #nowplaying or #itunes, during the time period from 2011-11-09 to 2013-04-30. The MMTD contains over a million listening events to about 133,000 unique tracks by 25,000 artists, listened to by 215,000 users. Since the MMTD comes with <user, artist, track> assignments, play counts and listener counts can easily be computed, which enables comparison to the Last.fm dataset.
ANALYSIS
We base our investigations upon three quantitative measures related to music consumption: play count (PC), listener count (LC), and average play count per listener (APCL). While the former two were already defined above, APCL approximates the likeliness of an artist being played over and over again, as the fraction of PC and LC.
Classical music and social media?
To answer research question (i), Tables 1 and 2 depict several statistics for PC, LC, and APCL over the 15 genres under consideration, respectively, for the Last.fm dataset and the MMTD. Figures 1 and 2 show the distribution of the three quantitative measures for each genre and the two datasets Last.fm and MMTD, respectively. The plots for the Classical genre are depicted as thicker lines.
Analyzing Tables 1 and 2 , please note that an artist can be assigned multiple genres in Last.fm. This is why certain statistical descriptors are the same for different genres (e.g., maximum LC in Table 1 refers to the same artist who is tagged as EasyListening, Electronic, Pop, and Rock). Also note that the sum of APCL is omitted in both tables as summing up APCL values is not informative. In both tables, the highest values in each category are printed in bold, the Classical genre is highlighted in magenta, and the last row in each category "Classical vs. Others" shows the fraction between the respective statistical measure for the Classical genre and the average of the measure for all other genres. For instance, looking at the PC values in Table 2 (column "Max"), it can be seen that the most popular Classical artist in the MMTD (with highest play count) does only have 7.9% plays of the average most popular artist of other genres. In the respective column "Sum", the two values indicate: (left) the average overall popularity of the Classical genre versus the average overall popularity of other genres and (right) the fraction of Classical music among all PC and LC events. Comparing Tables 1 and 2 , we thus see that only 1.8% of all listening events on Last.fm involve Classical music and only 0.3% of all listening events in MMTD do so. Compared to the average play counts of other genres, listening events to Classical artists are almost 25 times less frequent (4.1%) in Twitter data, but only 4 times less frequent in Last.fm data (27.6%).
Looking at the APCL figures, we see that these are on average particularly low for Classical music (Tables 1 and 2 , column "Mean"; mean APCL value of 12.02 for Last.fm and 0.21 for MMTD), which means that Classical listeners listen to relatively few individual pieces. Comparing these mean APCL figures for Classical music to other genres (row "Classical vs. Others"), we can calculate that Last.fm listeners of other genres play on average 47% more tracks per artist than Classical listeners. For Twitter users reflected in the MMTD, this figure even exceeds 600%.
5 An explanation for the low APCL values in Classical music may be that Classical pieces are typically longer than songs of some other genres. Indeed, mean APCL is highest for the genres Metal on Last.fm (34.35) and Pop on Twitter (5.02). Again, this means that among Last.fm users the average listener of Metal music listens to an average of 34 songs per Metal artist. The highest APCL for an artist in genre Metal is 152.61 (for Linkin Park), which means that listeners of Linkin Park listen on average to 152 (non-unique) songs by this band. Figures 1 and 2 depict the distribution of PC, LC, and APCL values across genres for the two datasets. Please note that for easier reading the y-axis is logarithmically scaled, while the x-axis is not. Linear line fitting on the loglog-scaled PC and LC data reveals a strong similarity to a Power-law distribution, but only for the top 100−150 artists. For lesser popular artists, PC and LC values drop faster than expected if they were Power-law-distributed. Even- tually, for about 100 artists with lowest listening counts, this decrease is extreme. Focusing on Classical music in the Last.fm dataset, the top 20 artists account for almost 50% of all Classical listening events 6 , while the bottom 500 artists account for only 2% of Classical listening events 7 . The cumulative PC of the bottom 100 artists (at positions 901 − 1000) amounts to 0.09% for the Classical genre and does not exceed 0.63% for any genre, Rock and Electronic being ones with highest values.
The comparative investigations of the Last.fm and Twitter users shows that listeners of Classical music are much less active on social media than listeners of other major musical genres. This is even more pronounced on Twitter. To assess whether listeners of Classical music are in general less active in social media, we relate the results discussed above to the 1999-2008 listening trends report of the Recording Industry Association of America 8 , which shows a share of Classical music between 1.9% and 3.5% on total music purchases, the arithmetic mean being 2.6%. 9 Recalling that these figures are 1.8% and 0.3% for Last.fm and Twitter, respectively, we can conclude that listeners of Classical music in the general population are less active on Twitter and Last.fm.
A firmer statement could be made by performing a difference in proportions test 10 , where we observe if the difference of proportions in two different samples (in our case the RIAA sample vs. the Twitter or Last.fm sample) is significant. If we take the RIAA mean proportion over the observed years (i.e. 2.6%), the Z-test for two population proportions yields a significant result at α = 0.05 for the Twitter users and a non-significant result for Last.fm users. However, given the lack of absolute figures for the RIAA report, the fact that not all the requirements for the statistical test are met and other variables that are hard to control (e.g. the aforementioned cultural background and data collection time windows), we stick to the above conservative observation that the Classical music listeners are less active on social media as they are in their listening habits.
Correlation between data sources?
As for research question (ii), whether results are consistent among the Last.fm and the MMTD collections, we compute different correlations between PC, LC, and APCL scores between Last.fm and MMTD. More precisely, we investigate the correlation of the listening measure distributions between the two datasets, for the same genre (intra-genre, inter-dataset) and between all genres within each dataset 6 This figure is similar for Blues, Country, Jazz, Vocal, and World; but Electronic, Folk, HipHop, Metal, Pop, and Rock show smaller values for cumulative PC at top 20 artists (between 18% and 30%). 7 These cumulative PC values on the bottom 500 artists are similar for RnB and World; smaller (around 1%) for Blues, Country, EasyListening, and Vocal; and considerably higher for Electronic, Folk, HipHop, Jazz, Metal, Pop, Rap, and Rock (between 5% and 10%). 8 http://www.riaa.com/keystatistics.php?content_ selector=consumertrends 9 We are aware that the RIAA data only covers the USA, but given that the Last.fm community has a bias towards users from the US and that the Classical music share of Twitter users are even much lower, we are sure that the RIAA data does not underestimate the global share of Classical music in comparison to the social media data. 10 http://www.socscistatistics.com/tests/ztest/ Default2.aspx (inter-genre, intra-dataset). The former experiment aims at determining whether the results of research question (i) are consistent over different data sources, while the latter addresses the question whether listening distributions are in general comparable for different genres. Table 3 shows Pearson's correlation coefficient for the intragenre, inter-dataset experiment. As can be seen, correlations for PC are particularly high, a bit lower for LC, and still lower, but still substantial for APCL. Please also notice that correlations between the two datasets are especially high for Classical music (0.95 for PC, 0.85 for LC), which evidences that results reported in the previous subsection, addressing research question (i), are likely to generalize well to other social media sources.
As for the inter-genre, intra-dataset experiment, a correlation within the PC and LC plots for different genres can already be seen from Figures 1 and 2 . Indeed, for PC the arithmetic mean of Pearson's correlation coefficient between all pairs of distinct genres is 0.940 (for Last.fm) and 0.953 (and MMTD); for LC correlation even amounts to 0.962 (Last.fm) and 0.954 (MMTD). We can thus conclude that popularity of artists shows a highly similar distribution, irrespective of their genre. For APCL, correlation is less pronounced (0.939 for Last.fm and 0.818 for MMTD). There are thus stronger fluctuations between listeners of different genres in terms of the average number of tracks they listen to.
CONCLUSIONS
This paper aimed to answer whether (i) lovers of Classical music are reluctant to use social media for talking about their listening habits and (ii) correlations between usage of Last.fm and Twitter as data sources to indicate music listening behavior exist. To this end, we performed several quantitative statistical experiments on two real-world datasets, focusing on three measures related to listening behavior: play count (PC), listening count (LC), and average play count per listener (APCL).
As for question (i), we found clear evidence that listeners of Classical music do not use the social media platforms Last.fm and Twitter to post their listening behavior as frequently as listeners of other major genres. In particular, the activity of Classical music aficionados on Twitter is very limited (only 0.3% of all postings on music listening events relate to Classical music, whereas this number is 1.8% for Last.fm). In the general population, in contrast, the share of Classical music purchases ranged from 1.9% to 3.5% in the period 1999-2008.
As for question (ii), high correlations in the listening distributions (PC and LC) can be found within the two datasets, averaged over pairs of different genres (≥ 0.94 for PC and ≥ 0.95 for LC). Correlation between the Last.fm and Twitter datasets for the same genre are also substantial, though not that pronounced (≥ 0.85 for PC and ≥ 0.51 for LC). These correlations are higher for Classical music than for most other genres.
The results of this study are of particular interest for the design of personalized services for Classical music. In fact, within the PHENICX project 11 , researchers are active in the development of a personalized Classical music retrieval sys- tem. This system is supposed to address the recommendation of Classical music recordings, concerts, and supporting multimedia material. Traditional personalized recommendation techniques that rely on collaborative filtering [3] require lots of information to build user-user or piece-piece relationships upon which to build the recommendation process. As a consequence of the results presented in this paper (i.e. little information about the consumption of Classical music through social media), alternative approaches for the acquisition of Classical music preferences through social media should be sought. The concept of cross-domain recommendations (as shown, for instance, by Loni et al. [6] ) could be used; Classical and non-Classical genres can be treated as different domains and hence take advantage of the methods developed for cross-domain recommendations.
Extending the exploratory nature of the presented analysis, we plan to further dig into the reasons behind the lower usage of social media through user studies. As of writing of this paper, the data of the first study has been collected. Ultimately, our findings will help improve personalized and adaptive music recommendation algorithms, tailored to users with individual taste profiles, possibly far away from the mainstream. 
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